Introduction
The potential uses of metal nanoparticles have received considerable attention, such as its applications to catalysis 1, 2) and optical devices. 3, 4) In particular, surface plasmons are collective oscillations of free electrons in metal nanoparticles, and lead to an increase of the local electric field in the metal/medium interface region by resonating with light (localized surface plasmon resonance: LSPR) 5, 6) . In this science field, the primary importance is skillful design and tailor-made fabrication of fine metal nanostructures, to give LSPR responsive device such as surface enhanced raman scattering (SERS), enhancement of dye fluorescence and photobleaching-resistant color filter. The typical fabrication method of these nanostructures is photolithography. However, this method is not good for cost performance and furthermore unsuitable for the fabrication over vast areas. Recently, we reported the fabrication of AuP-titanium oxide alternate assemblies by surface sol-gel processes 7, 8) . However, this fabrication procedure was not suitable for multistructure assemblies, because LSPR properties of AuP were changed drastically by sol-gel process. In this study, we suggest that facile fabrication method of multistructure assemblies of gold nanoparticles with high density by the layer-by-layer method using polyion, and demonstrate this structure shows stable LSPR properties of AuP.
Experimental Section
The colloidal aqueous solution of gold nanoparticles (AuP) was prepared by the reduction of HAuCl 4 with citric acid as described previously, and the mean diameter was 14 ± 1 nm. A quartz glass substrate was immersed in conc. H 2 SO 4 (97 %) for few days and then sonicated in mixed solution of ethanol and 1 wt% aqueous KOH solution (40 %). Finally, the substrate was washed with water and dried in nitrogen gas flow.
The preparation procedures of gold nanoparticle structures are shown in Fig.1 . First, the quartz glass substrate was immersed into 1.5mM poly(ethyleneimine) (PEI) aqueous solution for 20 min, followed by washing with water (Step 1), to give the glass substrate modified with PEI as: PEI/Glass. Then, the preparation of gold nanoparticle films at the liquid/liquid interface was performed as reported before 9) . Namely, the liquid/liquid interface of the aqueous colloidal solution of AuP (30 ml) and hexane (10 ml) was formed in 50 ml beaker, where the PEI/Glass was placed at its bottom. Methanol (15 ml) was vigorously injected into the colloidal solution. It results in the production of a liquid-like film of AuP at the interface and then this liquid-like film was transferred onto the surface of the PEI/Glass (Step 2). By repeating Step 1 and
Step 2, multistructure of AuP film and PEI film, as (AuP film/PEI) n /Glass (n=1-8). These films were evaluated by scanning tunneling microscopy (SEM) and transmission absorption spectroscopy. Fig.2 shows the absorption spectra of (AuP film/PEI) n /Glass (n=1-8). (AuP film/PEI) 1 /Glass had a broad band over 500-1000 nm derived from plasmon oscillation. As increasing of (AuP film/PEI) layers, the absorbance of this plasmon band was increased gradually. These results suggest that the AuP film was laminated with keeping the condition of the plasmon oscillation of (AuP film/PEI) 1 /Glass.
Results and Discussion
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Step 2 pp. 128-129 Fig.3 shows the SEM photographs of the surface and the cross section of (AuP film/PEI) 8 /Glass. The densely packed AuP were observed at the surface of this film ( Fig.3(a) ). Also we estimated the thickness of the film by calculating the average of three point, as shown in the cross sectional SEM (Fig.3(b) ). The experimentally obtained thickness of 133.3 nm was almost equivalent to 120 ± 16 nm from the sum of thickness of PEI layer (1 nm) and the diameter of AuP (14 ± 1 nm). From these result, we succeeded to the fabrication of the fine multistructure assemblies of AuP by-layer-by layer method using polyion.
・・・
Conclusions
We have performed a demonstration of a novel approach for the preparation of the multistructure assemblies of gold nanoparticle. The detailed structures of the assemblies were confirmed by absorption spectra and SEM. These results suggest that the assemblies formed fine multistructure with keeping the stable plasmon oscillation. 
